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Renal Protective Effect in Hypertensive Patients: The High Doses of Angiotensin II Receptor Blocker (HARB) Study
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Introduction
Chronic kidney disease (CKD) has received considerable attention in the management of hypertension (1) and is an independent risk factor for cardiovascular disease in patients with hypertension (2) . Proteinuria is one of the clinical parameters for diagnosing renal damage, especially glomerular hypertension, and is a risk factor and predictor for cardiovascular events (3) . Reducing glomerular pressure is a principal strategy for reducing proteinuria in hypertensive patients (4) . To decrease glomerular pressure, blood pressure (BP) must be lowered, and arteriolar resistance in efferent arterioles must be reduced (5, 6) . Angiotensin II type 1 receptors are localized to afferent and efferent arterioles (7) , and angiotensin II receptor blockers (ARBs) (8) and angiotensinconverting enzyme inhibitors (ACEIs) (9) have reduced proteinuria in several multicenter randomized clinical trials. Based on these results, ARBs and ACEIs are first-choice drugs for managing hypertensive patients with CKD, accord-ing to the Japanese Society of Hypertension Guidelines for the Management of Hypertension (JSH 2004) , and the recommended BP for such patients is lower than that for hypertensive patients with no complications or that for elderly hypertensive patients.
Because we hypothesize that hypertensive patients with CKD would benefit from treatment with an ARB that sufficiently reduces BP, based on meta-analyses (10) , and the Irbesartan in Patients with Type 2 Diabetes and Microalbuminuria (IRMA2) multicenter clinical trial (11), the initial, standard, and maximum doses of ARBs in Japan are under government regulation. Candesartan and valsartan are frequently used ARBs and have demonstrated clinical efficacy at doses of 12 mg/day (12) and 160 mg/day (10), respectively. The large Candesartan in Heart failure: Assessment of Reduction in Mortality and morbidity (CHARM) clinical trial (13) revealed that 32 mg/day candesartan reduced mortality and morbidity in patients with chronic heart failure. The Valsartan Heart Failure Trial (Val-HeFT) (14) and Valsartan in Acute Myocardial Infarction Trial (VALIANT) (15) trials revealed that 320 mg/day valsartan had beneficial effects on prognosis in chronic heart failure and ischemic heart disease. The permitted maximum doses of candesartan and valsartan are low compared to the doses used in those clinical trials. Although higher doses of those ARBs may have clinical benefits in hypertensive patients, the BP-lowering and renal-protective effects of the permitted maximum doses of ARBs in Japan have not been compared. In the present study, the High Dose of ARB (HARB) study, we evaluated BP and urinary protein excretion (UPE) in hypertensive patients who were switched from the maximum permitted dose of candesartan to the maximum permitted dose of valsartan.
Methods

Study Population and Protocol
Sixty hypertensive outpatients at Osaka University Hospital who had been receiving 12 mg candesartan/day for at least 3 months were recruited for the study. At the onset of the study, the patients had not achieved the JSH 2004-recommended optimal BP. JSH 2004 defines optimal BP for the management of hypertensive patients with diabetes or chronic kidney disease as < 130/80 mmHg; of patients < 65 years of age and without major complications as < 130/85 mmHg; of elderly patients as < 140/90 mmHg; and of patients with proteinuria or > 1.0 g/day UPE as < 125/75 mmHg. Patients who had suffered a stroke or cardiovascular event during the previous year; had congestive heart failure of grade 2 or higher, according to the New York Heart Association scale; and/or had > 3.0 mg/dL of serum creatinine were excluded from the study. Use of other antihypertensive drugs was permitted, and the doses of those drugs were not changed during the study. Our protocol was approved by the hospital ethics committee, and informed consent was obtained from all patients 2 months prior to switching from candesartan to valsartan (i.e., changeover). Three patients whose average BP was lower than optimal at changeover were excluded. Thus, at changeover, 57 hypertensive patients were switched from 12 mg/day candesartan to 160 mg/day valsartan and other antihypertensive drugs were not modified. Two patients left the study due to headache, leaving 55 hypertensive patients for analysis.
BP and Renal Function Measurements
A total of five BP and pulse rate (PR) measurements were obtained for each patient during hospital visits at −1 month and −2 months before changeover, at changeover, and at +1 month and +2 months after changeover. Two measurements were taken while the patient was seated after 10 min of rest using a BP-103iII (Nippon Colin Co., Ltd., Tokyo, Japan). The averages of the two BP and PR measurements were automatically calculated, recorded, and used for analysis. All subjects took candesartan or valsartan on the mornings of the hospital visits −2 months before changeover, at changeover, and +1 month after changeover. Patients did not take cande- 
ACE, angiotensin converting enzyme; CCBs, calcium channel blockers; TC, total cholesterol; TG, triglyceride; HDL-C, high density lipoprotein cholesterol; UA, uric acid; AST, aspartate aminotransferase; ALT, alanine aminotransferase; γ-GTP, γ-glutamyltranspeptidase; FBG, fasting blood glucose; n.s., not significant.
sartan or valsartan on the mornings of hospital visits −1 month before changeover and +2 months after changeover.
To evaluate the effects of changeover on renal function, we measured fasting levels of serum and urinary creatinine and urinary protein −1 month prior to changeover and +2 months after changeover. We calculated UPE adjusted by urinary creatinine and estimated the glomerular filtration rate (GFR) using the modified Modification of Diet in Renal Disease (MDRD) equation (16) 
Statistical Analysis
Data were analyzed with commercially available statistical software (JMP version 5.1.1; SAS Institute Inc., Cary, USA). Differences in results between treatment with candesartan and valsartan were assessed using paired t-tests. Differences in low and high UPE were assessed by one-factor ANOVA and Fisher's test. We used multiple regression analysis to evaluate influential factors for reducing UPE. p values < 0.05 were considered statistically significant.
Results
Results are expressed as the means±SD. Table 1 summarizes the characteristics of the 55 patients who completed the changeover study. Twenty-two patients took only candesartan, and 43 took candesartan in combination with additional antihypertensive drugs, such as calcium channel blockers (n= 41, 75%), angiotensin converting enzyme inhibitors (n= 7, 13%), β-blockers (n= 7, 13%), diuretics (n= 8, 15%), and α-blockers (n= 3, 5%). The common risk factors and liver functions described in Table 1 were not modified during the study.
Patient Characteristics
BP and PR before and after Changeover
BP and PR did not differ between administration of candesartan (measured at −2 months, −1 month, and at changeover) and valsartan (+1 month, +2 months) ( Table 2 ). Systolic BP (SBP), diastolic BP (DBP), and mean BP were significantly lower when patients took valsartan. To compare BP and PR before and after changeover, we used the average of the −1 month and changeover measurements as the beforechangeover BP and PR (i.e., the candesartan BP and PR) and the average of the +1 and +2 month measurements as the after-changeover BP and PR (i.e., the valsartan BP and PR).
As shown in 
Renal Function before and after Changeover
We evaluated the effects of changeover on renal function by analyzing UPE and estimated GFR ( Table 3 ). The afterchangeover UPE (0.19±0.37 g/g creatinine) was significantly reduced compared to the before-changeover UPE (0.35±0.19 g/g creatinine, p= 0.0271). There was no significant difference in estimated GFR between before (58.8±20.2 mL/min/ 1.73 m 2 ) and after (57.4±18.0 mL/min/1.73 m 2 ) changeover. We also measured urinary albumin excretion (UAE) for 44 patients (80% of the total group). UAE was reduced somewhat after changeover, but not significantly so (p= 0.0543).
Influences of UPE before Changeover
To study the influence of UPE on the changeover effects, we analyzed BP changes in patients with UPE ≥ 0.2 g/g creatinine (n= 16) compared to those with UPE < 0.2 g/g creatinine (n= 39) ( Table 3 ). In patients with low UPE, the afterchangeover SBP (159.4±18.9 mmHg) and DBP (89.3±10.3 mmHg) were significantly reduced compared to the beforechangeover values (SBP, 150.7±18.0 mmHg, p= 0.0007; DBP, 86.0±10.0 mmHg, p= 0.0113). However, in patients with high UPE, the after-changeover SBP (147.8±18.4 mmHg) and DBP (87.9±8.9 mmHg) were reduced by a nonsignificant amount compared to the before-changeover values (SBP, 153.0±19.8, p= 0.0809; DBP, 89.5±12.6 mmHg, p= 0.2947). UPE was significantly reduced after changeover (0.60±0.48 g/g creatinine) only in patients with high beforechangeover UPE (1.16±1.11 g/g creatinine; p= 0.0184).
UPE Reduction and Other Factors
To clarify the influence of other factors on UPE reduction, we analyzed the correlation between UPE and other variables with a multiple regression analysis (Table 4 ). Higher UPE level before changeover (p< 0.0001) and lower estimated GFR before changeover (p= 0.0010) were correlated with a significant reduction in UPE after changeover. In contrast, UPE reduction was not correlated with SBP before changeover (i.e., during candesartan treatment), and UPE was not correlated with the SBP reduction between treatment with candesartan and valsartan.
Discussion
In the present study, we first demonstrated that 160 mg/day valsartan resulted in an enhanced reduction of SBP (7.7 mmHg) and DBP (3.0 mmHg) compared to 12 mg/day candesartan. Although no direct comparison has been made of the two maximum dosages of candesartan and valsartan, 80 mg/ day valsartan has been shown to be as effective as 8 mg/day candesartan in sufficiently lowering BP as the standard doses (17) . Based on that evidence, we estimate that the BP-lowering effect of 160 mg valsartan would be equal to that of 16 mg candesartan, which would be greater than that of 12 mg candesartan; however, we have no direct evidence of an advantage of valsartan over candesartan. Several current guidelines for managing essential hypertension (18, 19) and many large PreSBP, systolic blood pressure before changeover; PreDBP, diastolic blood pressure before changeover; PrePR, pulse rate before changeover; SBP reduction, difference of systolic blood pressure before and after changeover; DBP reduction, difference of diastolic blood pressure before and after changeover; PR reduction, difference of pulse rate before and after changeover; PreGFR, estimated glomerular filtration rate before changeover; PreUPE, urinary protein excretion before changeover.
multicenter trials (12, 20) have suggested that strict reduction of BP is the most important factor for preventing cardiovascular mortality and morbidity in hypertensive patients. Patients included in the present study were hypertensive and could not achieve optimal BP with antihypertensive treatment, such as 12 mg/day candesartan. More than 70% of the study participants had reduced BP after the changeover to 160 mg/day valsartan, and 18% achieved optimal BP as defined by the JSH 2004.
Our results also indicate that 160 mg/day valsartan was more effective than 12 mg/day candesartan for reducing UPE. To reduce glomerular pressure, strict reduction of systemic BP and efferent arteriolar dilatation are important, and the MDRD study revealed that reduction of mean BP was useful for decreasing UPE (21) . Clinical data suggest that high doses of the ARBs candesartan (96 mg/day) (22) and irbesartan (640 mg/day (23) and 300 mg/day (10)) reduce UPE more effectively than low doses of the same drugs. According to these findings, the UPE reduction observed in the present study was not a specific effect of valsartan but rather an effect of high doses of ARBs in general. In evaluating other factors that may have contributed to UPE reduction, we found that overall BP reduction did not influence UPE reduction. Rather, higher UPE levels and lower estimated GFR before changeover were independently correlated with UPE reduction. Although we could not verify efferent arteriolar dilation, dilation may have contributed to the observed UPE reduction, as the reduction of systemic BP and efferent arterioles leads to a reduction in glomerular pressure. This suggests that 160 mg/day valsartan reduces UPE in patients with high levels of UPE, independent of BP reduction, possibly by efferent arteriolar dilation.
In the present study, the maximum permitted dose of valsartan produced a greater reduction in BP and UPE than the maximum allowable dose of candesartan. Moreover, a high dose of valsartan reduced UPE in patients who had higher UPE and lower estimated GFR before changeover. These findings do not negate the efficacy of candesartan in preventing cardiovascular events and total mortality in many multicenter trials (13, 24, 25) . Although government regulations prevented us from comparing 16 mg/day candesartan with 160 mg/day valsartan, increasing the candesartan dosage to 16 mg/day might result in strong and stable BP and a positive prognosis. Together these data suggest that a high dose of valsartan is beneficial for managing hypertensive patients, especially those with impaired renal function.
Study Limitations
The present study had several limitations. The most important of these was the protocol, since only one changeover was performed to compare two antihypertensive drugs. A crossover or randomized study is necessary to properly compare candesartan and valsartan treatment. From an ethical standpoint, we could not switch patients who achieved optimal BP with 160 mg valsartan back to 12 mg candesartan. In the present study, subjects were preferentially selected for poorly controlled hypertension and candesartan treatment. Thus, the study patients did not respond well to candesartan.
